The model employed in this Letter can also explain the even more surprising IPS dispersion behavior encountered when the non-symmetric experimental geometries (´A´ and ´B´ in Figure S .1) are employed to collect angle-resolved spectra around the 4 eV resonance. Figure S .2(b) reports four dispersions, collected with various photon energies and different experimental geometries displayed in Figure2(a). In particular, the first dispersion shown ℏ = 4.04 (eV, A geometry) and the second dispersion (ℏ = 4.26 eV, B geometry) shows a remarkable asymmetry with respect to the || = 0 vertical axis, with one ( ´flat´) side of the curve dispersing noticeably less than the other (´steep´) side. In particular, the flat (steep) side of the dispersion is obtained when the sample is rotated towards (away from) the normal incidence condition. In fact, when the experimental geometry is mirrored by going from A to B, the flat and steep sides also flip. Even more strikingly, the symmetric character of the IPS dispersion is restored by either lowering the photon energy (see third dispersion, ℏ = 3.4 eV photon energy, A geometry ) or by employing the symmetric C geometry (see Figure S .1) with photon energy kept in the 4 eV range (fourth dispersion, ℏ = 3.93 eV). These dispersion anomalies can be explained in the framework of the model presented in this Letter, by carefully considering the variations in the absorbed fluence of the polarization component perpendicular to the sample surface || when the sample is rotated during a dispersion measurement. The angle dependence of || induces changes in the photoinduced excitation density ( ) in the π bands. This in turn induces a dependence on the manipulator angle of the IPS effective mass, which is encoded in the dispersion measurement as apparent parallel momentum dependence. Such an effect gets stronger as
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In this way, the angle dependence of || turns out to be
This is a general result valid for each of the experimental geometries. What differs between the two symmetries is the relationship between the AOI and the manipulator angle θ mp . In the asymmetric A and B experimental geometries we have Using the fitted parameter , the momentum-dependent effective mass can now be obtained, as: * = 1− 2 ( , || ) .
(S.7)
The resulting effective masses are plotted as full circles in Figure S .2(c). In particular, the fluence and effective mass curves show that the asymmetric character of the dispersion obtained with A and B geometries with photon energy in the 4 eV range can be explained by taking into account the variations of the excited carrier density due to the angle-dependent fluence variations induced by the particular beam-steering geometry. The extracted effective mass data shows a higher m * for increasing fluence. This causes the IPS dispersion to locally flatten. The model also fits well the third dispersion, taken with ℏ = 3.14 eV photons and with the A geometry. In this case, even if the fluence, as expected, varies substantially within the parallel momentum interval considered, the dispersion is fairly symmetric; the extracted effective mass shows only a limited (about 2%) variation. This suggests that the IPS-π * interaction strength is quenched when out of resonance (i.e. far from ℏ = 4.0 eV), thus leaving substantially unaltered the IPS properties, as already confirmed by normal emission measurements. The analysis of the fitting results of the fourth, ℏ = 3.93 eV dispersion is even more illuminating in this respect, since it shows that with the symmetric geometry the incident fluence momentum-dependent variations have a symmetric character with respect to the k || axis and are less than 5%; the extracted effective mass shows a comparable behavior, being nearly constant at about 1.3 m e . This confirms that the effective mass data collected with the C geometry are unaffected by spurious geometrical contributions due to the asymmetric experimental geometry employed. is the manipulator angle.
